Proteomes of barley seeds were described by 2-D gel electrophoresis and spots selected for protein
Protein identification. Spots were cut out from stained gels and in-gel digested by trypsin.27)The peptides were micropurified on nano-columns packed manually with POROS 20 R2 resin (PerSeptive Biosystems)28)and eluted with 0.8 p L 20 mg/mL a -cyano-hydroxy-cinnamic acid in 70% CH3CN and 0.1 % trifluoro acetic acid. The eluate was deposited directly onto the MALDI target, and analysed using a Bruker REFLEX III MALDI time-offlight (TOF) mass spectrometer (Bruker-Daltonics, Bremen, Germany) in positive ion reflector mode. Spectra were calibrated using trypsin autolysis products (m/z 842.51 and m /z 2211.10) as internal standards and analysed with m/z software (Proteometrics, New York, USA). Proteins were identified by searching in a nonredundant protein sequence database using the Profound (http://www.proteometrics.com) and/or Mascot (http:// www.matrixscience.com) servers.
Immunoblotting.
2-D gels were blotted, immunostained using antiserum against barley a-amylase 2 and developed essentially as described. Surface plasmon resonance. The kon, koff, and Kd for binding of AMY2 and BASI wild-type and mutants were determined using BIAcore 3000 (BIAcore, Uppsala, Sweden). BASI and biotinylated AMY2 were bound by carbodiimide activated amine coupling to CM5 sensor chips and to streptavidin-coated sensor chips, respectively.16)The sensorgrams were analysed using the BIAevaluation version 3.1 software.16, RESULTS 
AND DISCUSSION
Proteome analysis of developing seeds. The 2-D gel electrophoretic protein patterns gradually changed during grain filling as monitored with one week intervals from six weeks before harvest (Fig. 1) . Slightly fewer protein spots were present on mature seed gels, perhaps reflecting the lower metabolic activity after desiccation. Several very intense spots from mature seeds were due to accumulation of a -amylase/trypsin inhibitor proteins and chymotrypsin inhibitors.9' Proteome analysis during germination. The proteome changed dramatically during germination as visualized by 2-D gel protein patterns (Fig. 2) . Most strikingly an intensely stained area at p1 5-6 and MW 35-45 kDa appeared due to the release of huge amounts of serpin from bound forms present in the dried seed.8)Since protein patterns reflected roles of different tissues, 2-D gels of dissected seeds were made to describe the conesponding protein compositions. Serpin, AMY2, CMproteins, and /9-amylase fragments occurred in endosperm, and 2-D gels of dissected germinating seeds demonstrated BASI and in particular CM-proteins to decrease. Spots containing AMY2 were not visible from mature seeds but were present in aleurone and endosperm patterns after 3 days of germination. After 6 days these spots were less intense from aleurone but much more intense from endosperm, reflecting release of AMY2 from the aleurone layer into the endosperm. Immunoblotting of whole seed extracts using antibodies raised against AMY2 showed four major forms of AMY2 and one conspicous AMY 1 form to appear in the 2-D gel pattern. Corresponding series of well-defined fragments of the amylase increased during germination. BASI spots were abundant both in endosperm and aleurone from mature seeds, and remained in the endosperm. Thus clearly, the ratio of AMY2 to BASI increased in the endosperm during germination.
A different subset of proteins was observed in the mature aleurone layer, including in particular proteins involved in protection against desiccation, for example small heat shock proteins (sHSPs), and others with chaperone activity, for example protein disulphide isomerase (PDI), which probably participated in folding of de novo synthesized enzymes at the onset of germination. After germination the aleurone undergoes programmed cell death, leading to degradation of these and many other proteins. The embryo was very rich in soluble proteins, and the protein pattern increased in complexity during germination, reflecting the increased metabolic activity of the growing embryo. Subsite engineering.
Modeling of maltodextrin at the active site of barley aamylase32) showed residues in contact with substrate at specific subsites (Fig. 3) . Examples of protein engineering at various parts of the binding cleft provide a series of remarkable specificity changes. While biased random mutagenesis in F286 VD at the extension of the 7th j9- Starch binding domain in glycoside hydrolase family 13. Currently 40 out of the approximately 1000 sequences found in glycoside hydrolase family 13 contains a Cterminal starch binding domain (SBD). Examination of evolutionary trees for the full-length proteins and their individual domains, respectively, supported that certain family members having four domains possess special structural features in domain C, that precedes SBD, which are compatible with the presence of an SBD.33)As barley aamylase shares fold of domain C with the four-domain SBD-containing maltotetraose-producing hydrolase, AMY 1 was fused with the homologous SBD of A. niger glucoamylase including also part of the linker region. The resulting AMY1-SBD showed elevated activity on soluble starch and attacked starch granules with up to 15-fold higher rate than AMY1 at subsaturating enzyme concentration.22, Barley a-amylase /subtilisin inhibitor (BASI ). An endogenous inhibitor specific to AMY2 was reported about two decades ago.34)Recently, heterologous expression was established of the inhibitor which allowed mutational analysis of roles of individual side-chains and rational engineering. Earlier mutation of AMY2 residues3S> reduced the affinity for BASI and the site-directed mutagenesis in BASI of the specific interacting residues gave either a similar (K140BAst and D142AMY2) or a smaller effect (S77BAs1 and R128AMY2) on affinity. While the inhibitory activity of S77A BASI was only slightly reduced this mutant, like wild-type, was still sensitive to charge and pH screening whereas R128Q in AMY2 was barely affected by the screening conditions. Surface plasmon resonance (SPR) measurements allowed analysis of association and dissociation rates to give thus the binding constants. In general mutation of residues in BASI in contact with AMY2 increased the rate of dissociation without affecting association. SPR studies also supported that the fully hydrated calcium ion seen in the crystal structure at the protein interface13)stabilizes the complex in solution involving a residue of pKa around 6.5. Analysis of the BASI E168Q mutant suggested the G1u168, that hydrogen bonds to one of the calcium water ligands, to be critical for the interaction with the calcium ion.'6' 
